An integrated approach was applied in this article to provide a medium-scale map of land use intensity for Hungary. The main goal was to estimate its value by a small set of parameters, which are freely available and have a high resolution. The basis of the evaluation was the CORINE 2012 dataset, and a matrix method was applied to integrate the ratio of natural/semi-natural vegetation, woody vegetation and the Natural Capacity Index in the assessment to describe the complex approach of land use intensity. The medium level land use intensity map provides information for decision makers/landscape planners on the current status and spatial pattern of anthropogenic impact and indicates those hot-spots where land use intensity is high and should be focused research and management to intervene in order to encourage sustainable land use. 46% of the arable lands in Hungary show the most intensive land use. Comparing the map with the previously published hemeroby map of Hungary, more intensive impact on landscape transformation through human action was found. In agricultural areas both researches agree that the intensity and human activity is really high, and the lowest intensity class is rare in Hungary except for mountain regions and protected areas.
INTRODUCTION
Measuring the intensity of changes in land use is one of the key issues considering the assessment of anthropogenic impacts. Without investigation, it is understandable that human influences play a key role in intensifying land use (e.g. global growth of settlements and industrial areas). The intensity of land use can be approached from different content and structural aspects (Erb et al., 2013) . Well-known approach is the economic approach, however other attempts to assess the factors driving the intensification of changes (e.g. population, technology), or the anthropogenic and social changes leading to it, are also frequent. Lots of one-dimensional indicators are used to determine the extent of intensity e.g. annual crop yield, rotation length, size of forest and uncultivated areas, frequency of sowing, the magnitude of biodiversity, the size of labour and capital per field, annual production of the area, the climate, soil and technique affecting the crop yield (Herzog et al., 2006; Erb et al., 2012; Verbung, 2013) . A key issue concerning intensity is how to measure the impacts of anthropogenic effects on a given region. The methods of solution usually depend on the question to be answered, but the systemic character and the complexity of the affected environment cannot be ignored.
Calculations that include multiple factors into one index are also used to express land use intensity. One such complex index with regard to agricultural utilization is, for example, the ILI index (Indicators of Landuse Intensity - Herzog et al., 2006) which includes the N content and the pesticide use of a unit area; the "r" index signifying the actual yield and the reference yield under the conditions of strictly determined economic and technological factors (Dietrich et al., 2012) . Various landscape indices and irrigation, ploughing and land use change data were also attempted to be combined into another agricultural intensification index with geostatistical methods (Culman et al., 2010) . According to the logic used, all of these attempts show to what extent anthropogenic activity changes agricultural productivity. Similar intensity calculations are also known for non-arable areas, the LUI (land use intensity) index is one of them, and it is used for meadows with the data of fertilization, mowing and animal husbandry (Blüthgen et al., 2012) . Whatever method is used to measure the extent of intensity, it heavily depends on the topographic scale, the time scale used, and the studied agricultural activity (Temme and Verbung, 2011; Verbung, 2013) .
Intensity is a concept that encompasses the use, management, and infrastructure of an area, and a lot of different parameters are known to express it. This study attempts a medium-scale estimation of land use intensity for Hungary. A matrix concept was applied to estimate the land use intensity based on the ratio of natural areas and woody vegetation, further more naturalness for selected land use types in Hungary.
STUDY AREA
Hungary, having an area of 93 thousand km 2 , has a basin character where 80 % of the surface elevation is less than 200 m above sea level. About 75 %more than 6 million hais agricultural area: the arable land, the forest area and grassland are 47%, 21% and 8.5 %, respectively. On 70% of the arable lands intensive, and about 30 % extensive agriculture is typical (Ángyán et al., 2003) . The Hungarian basin area is characterized by a medium-scale, intensive arable area divided into parcels with sizes ranging from 1 to10 ha (van der Zanden et al., 2016) . NUTS2 level assessment is not appropriate to allocate the territorial differences in land use intensity. Our evaluation was based on the 2012 CORINE Land Cover 2012 (CLC 2012) database (available for Europe), where out of the 44 land cover classes in Hungary 15 were chosen ( Fig. 1 
DATA AND METHODS
Partial input or output data (or a combination of them) for the present analysis were not applied in this study, but we intended to use an integrated approach. The reason behind it is that the majority of the cited research connected some kind of complexity to the concept of intensity (e.g. Newbold et al., 2015) . When designing the applied method, it was also necessary to be taken into account that the land use and land cover data available as remote sensing data, mostly used because of efficiency, and cannot be used directly or only to a limited extent to measure intensity changes. Among other things, it is due to the fact that it is difficult to detect the intensity of certain surface types, which manifest in the chemical or management characteristics of soils (Eckert et al., 2017) .
The applied data, their source and resolution is presented in Table 1 (CORINE CLC data without artificial areas, the boundaries of areas under nature conservation, and the extent of the woody vegetation based on the dominant leaf type, furthermore the Natural Capacity Index).
The national protected areas, as well as the Natura 2000 SCI areas were applied in the article to allocate the natural and semi-natural areas in Hungary. The boundaries of the woody vegetation were allocated by the Copernicus High Resolution Layers (HrL) data on dominant leaf type. The applied Natural Capacity Index (NCI) essentially expresses the naturalness and size of the spots obtained as a result of the calculation in a size of 36 ha, in a gridded layout (Czúcz et al., 2012) . In Hungary the maximum value is 63 (from 100), which means that the degree of naturalness is up to 63% on certain spots. The natural surface of Hungary is less than 3.3% (Bölöni et al., 2008) . When developing the method, we wanted to achieve an integrated approach with fewer, well-explained and generally available parameters. In order to achieve this goal, we used a simple method to identify intensity changes, a method that can identify those patches which exhibit more significant changes on a more detailed scale too, and, therefore, can be analyzed for their effect . The resulting categories can be compared to Lambin et al. (2001) and with van den Zanden et al. (2016) and the principles of intensity calculations, as well as with the parameters applied.
The workflow of the applied assessment is presented in Fig. 2 . The first step was to determine of the percentage of natural or semi-natural vegetation cover for each land cover patch (based on the combined map of protected areas maps: Natura 2000 SCI, the core and buffer zone of the national parks without weighting). As a second step the percentage of woody vegetation cover based on the dominant leaf type HrL product was also assigned to each land cover patch. As step 3, a 5x5 matrix was provided using the ratio of natural vegetation and woody vegetation to all selected CLC 2012 patches. Using the matrix method, the relationship between natural vegetation and woody land cover was investigated. The naturalness of vegetation and the percentage of forest cover were also grouped into 5-5 clusters. The clusters were evenly distributed (0-3%, 3-25%, 25-50%, 50-75, >75%). Thus, the result has become quite uniform, with an intensive anthropogenic use of the area on scale 1-5. As the last step, the refinement of the matrix results was done by the Natural Capacity Index (NCI) compiled with field surveys (Czúcz et al., 2008 (Czúcz et al., , 2012 , the results of these detailed recordings at a resolution of 36 ha were used on a 3-kmmesh. NCI data was integrated also with the application of an 5x5 matrix. As a result, the produced classes represent the intensity of land use for all CORINE patches from 1 to 5, where 1 indicates the most intensive land use. 
RESULTS
The ratio of natural and semi-natural vegetation in most agricultural areas (211, 213, 221, 222, 242) is very low ( Table 2) . Almost 99% of the patches include less than 3% natural and semi-natural vegetation cover. Among agricultural areas, 231 and 243 can be represented with higher ratios of natural or semi-natural vegetation cover, however, still 95% is represented by natural vegetation cover lower than 3%. In this case, however, approx. 2,5% of the CORINE patches are covered with natural vegetation over 75%. For forests, the ratio of natural and semi-natural vegetation is still low in case of the 311, 312, 313 categories, since these are mostly planted forests. But Based on the matrix method the relationship between natural vegetation and woody vegetation cover is demonstrated in Fig. 3 . The results represent an intensive anthropogenic use of the study area, more than 70% cover of the category 1, which indicates intensive land use itself. This coincides with the results so far (e.g. Ángyán et al. 2003) . After step 3 it becomes obvious that the overall picture on land use intensity based only these two parameters is more complex and shows different pattern than the land cover itself. The final land use intensity map, integrating NCI datasets, is presented in Figure 4 . Concerning land use intensity, the mountaineus regions of Hungary (Transdanubian Mountains, North Hungarian Mountains, Transdanubian hills) are represented with the lowest land use intensity. The Little Plain located in NW Hungary is mostly charactersed by high land use intensity (class 1), in contrary to the Great Hungarian Plain, where we can found larger patches with medium intensity (or even low). The differences in soil attributes are clearly reflected in the resulted datasets: land use intensity on sandy soils, and saltaffected soils is lower compared to the neighbouring areas.
46% of the arable lands (211) in Hungary show the least naturalness, and the lowest ratio of woody vegetation and natural, semi-natural vegetation cover, thus, the most intensive use. It is similar only about 3% of the meadows (231). To show the details of the provided map, a zoom on the area neighbouring Szeged is shown in Figure 5 , with an overlay of the CORINE codes 211 and 231, as the most frequent land covers of the Great Plain. This area is a good example of the differences between the different landscapes (here: alluvium, sandland, loess covered areas).
DISCUSSION AND CONCLUSION
For many, it is obvious that areas with strong anthropogenic influences, are characterized by ecological consequences such as the growing destruction of plants, a dramatic reduction in desirable biodiversity, an increase in the isolation of vegetation (e.g. in urban areas). In most cases, biodiversity change is mentioned, as it is measurable well and its effects can be analyzed. its environmental expectations are clarified even according to EU standards (NATURA. 2000) . Several procedures from various areas are known to measure the intensity of land use. In particular, input and output parameters (e.g. crop yield per unit, N content) or their integrated version are used, thus, e.g. the Infrastructural Fragmentation Index (IFI), the Urban Fragmentation Index (UFI), or the Connectivity Index (CI) are defined (De Montis et al., 2017) . The fragmentation of the landscape, which includes the fragmentation of larger units into smaller ones and the typical transformation of intensively used areas, is one of the most significant effects on ecosystem services (Jaeger et al., 2016) .
We primarily attempted to measure the anthropogenic effects for the characterization of landscape diversity which is in connection with the land use intensity. Therefore, we compared the regional differences of intensity ( Fig. 4 ) with the regional differences of hemeroby ( Fig. 6 , Csorba et al. 2018 ), because they both share the same causes in the background.
The hemeroby map by Csorba et al. (2018) shows less intensive impact on landscape transformation through human action, than this research. In agricultural areas both researches agree that the intensity and human activity is really high and the lowest intensity is rare in Hungary (except for mountain regions and protected areas).
More intensive use of cropland, generally determinded by high land use intensity, may affect to varying degrees on environmental parameters. For soil Fig. 5 Land use intensity map around Szeged overlayed wih CLC 2012 layers with code 211 and 230 e.g. increase in compaction, structure degradation, or the higher level soil of erosion by water. In the case of vegetation, the decrease in biodiversity, growth of uncultivated areas and abandoned areas.
Our results indicates those hot-spots where land use intensity is high in regional scale. These areas should be focused regarding research, management and spatial planning too. With management of low-intensity pasture systems, conservation of high-value habitats and their associated biodiversity, it can be identified where and how to intervene in order to encourage sustainable land use.
